Background
==========

Immune thrombocytopenic purpura (ITP) is an acquired autoimmune hematologic disorder defined as a peripheral blood platelet count less than 100×10^9^/L, with the characteristic of isolated thrombocytopenia, which is different from other causes or diseases that can result in thrombocytopenia \[[@b1-medscimonit-24-8767]\], such as systemic lupus erythematosus (SLE), human immunodeficiency virus (HIV), drug exposure, heparin-induced thrombocytopenia, antiphospholipid syndrome (APS), or chronic lymphocytic leukemia (CLL) \[[@b2-medscimonit-24-8767]\]. The main clinical manifestation of ITP is bleeding \[[@b3-medscimonit-24-8767]\], most commonly mucocutaneous bleeding, menorrhagia, visceral bleeding, and even intracranial hemorrhage, which seriously affects quality of life. However, the pathogenesis of ITP remains unclear.

In recent years, the exploration of ITP pathogenesis has gradually improved, from discovery of platelet autoantibodies in the initially destruction of platelets in the spleen or megakaryocyte inhibition/destruction in the born marrow \[[@b4-medscimonit-24-8767]--[@b7-medscimonit-24-8767]\] to the study of autoimmune mechanism \[[@b8-medscimonit-24-8767]\]. Glycoproteins (GPs) IIb/IIIa and Ib/IX are major types of platelet antibody. Many studies have reported that only approximately 60% of ITP patients showed positive platelet antibody detection \[[@b9-medscimonit-24-8767],[@b10-medscimonit-24-8767]\] with T helper 1/T helper 2(Th1/Th2) cell subsets disequilibrium \[[@b11-medscimonit-24-8767],[@b12-medscimonit-24-8767]\], suggesting that T cell abnormality plays an important role in the occurrence of ITP \[[@b13-medscimonit-24-8767],[@b14-medscimonit-24-8767]\].

Studies have shown that T helper 17 (Th17) cells, a proinflammatory CD4+ T lymphocyte subset that secretes many kinds of cytokines, including interleukin (IL) 17, IL-17F, IL-21, tumor necrosis factor (TNF), and IL-22 \[[@b15-medscimonit-24-8767],[@b16-medscimonit-24-8767]\], can also mediate inflammatory responses and autoimmune diseases, such as experimental autoimmune encephalomyelitis (EAE), rheumatoid arthritis (RA), and allergen-specific responses \[[@b17-medscimonit-24-8767],[@b18-medscimonit-24-8767]\]. IL-22, a family of IL-10, exhibits specific biological activities of tissue repair and wound healing \[[@b19-medscimonit-24-8767]\]. Research shows that Th17 can secret IL-22 and Th22 lymphocyte subsets and natural killer (NK) cells can also secrete IL-22. However, unlike other types of CD4+ T cell subsets, Th22 cells do not secrete IL-17A and IFN-γ \[[@b20-medscimonit-24-8767]\]. In this study, we explored the relationship between IL-22 and proinflammatory cytokines, including IL-17 and IFN-γ. Moreover, we improved the sensitivity and specificity for ITP diagnosis and explored the pathogenesis of ITP, including the timing of treatment and the choice of treatment options.

Material and Methods
====================

Patients and controls
---------------------

The ITP patients were diagnosed by a process of exclusion: first, there are no blood abnormalities other than a low platelet count less than 100×10^9^/L, and no physical signs other than bleeding. Then, secondary causes such as leukemia, medications (e.g., quinine and heparin), lupus erythematosus, cirrhosis, HIV, hepatitis C, congenital causes, antiphospholipid syndrome, von Willebrand factor deficiency, onyalai, and others should be excluded \[[@b2-medscimonit-24-8767],[@b3-medscimonit-24-8767]\]. We enrolled 32 patients diagnosed with ITP (14 males and 18 females) at Qilu Hospital of Shandong University in this study, with a mean age of 49.16±2.86 years old (range from 28 to 76). Meanwhile, 30 healthy people (14 males and 16 females) were enrolled as controls (HC), with a mean age of 45.87±1.93 years old. There were no significant differences between the ITP group and control group regarding basic characteristics. Diagnosis of ITP was based on thrombocytopenia (platelet count \<100×10^9^/L) without any evidence of red or white blood cell abnormalities, normal or increased number of megakaryocytes with normal myeloid in bone marrow smears, absence of splenomegaly or other known causes to thrombocytopenia such as connective tissue disease, malignancy, and drug-induced thrombocytopenia. The study protocol was approved by the local ethics committee. All patients and controls were subjected to a full history-taking including disease duration, drug intake, preceding viral infection, and bleeding manifestations. A thorough clinical examination and a full blood panel were conducted. All enrolled patients were chronic ITP patients with no effect of hormonal treatment and were currently or intended to be treated with decitabine. All patients signed informed consent.

Flow cytometric analysis
------------------------

The effect of intracellular cytokines on cytokine production was studied by flow cytometry. We added 200 uL of heparin anticoagulant peripheral blood to 200 uL of Roswell Park Memorial Institute (RPMI) -- 1640 medium (Thermo Fisher Scientific, Inc.) and incubated at 37°C for 4 h in 5% CO~2~, together with 100 ng/mL of phorbol myristate acetate (PMA), 2 μg/mL of ionomycin, and 4 μg/mL monensin (all purchased from Alexis Biochemicals, San Diego, CA, USA). PMA and ionomycin worked as pharmacological T cell-activating agents to mimic signals generated by the T cell receptor (TCR) complex, with the advantage of stimulating T cells of any antigen specificity. Monensin was used to block intracellular transport to accumulate cytokines in the cell \[[@b21-medscimonit-24-8767]\]. After incubation, the mixture was removed. PE-Cy5-conjugated anti-CD4 monoclonal antibodies (mAbs) were used to stain the cells in the dark at room temperature for 15 min. After fixation and permeabilization, FITC-conjugated anti-interferon (IFN)-γ monoclonal antibodies were applied to stain the cells, including PE-conjugated anti-IL-17 monoclonal antibodies and APC-conjugated anti-IL22 monoclonal antibodies in that sequence (all antibodies were purchased from eBioscience, San Diego, CA, USA). Isotype control was applied for correct compensation and checking antibody specificity. Flow cytometry was used to detect the stained cells using a FACScan II cytometer equipped with BD FACSDiva™ software (BD Bioscience, Franklin Lakes, NJ, USA).

Statistical analysis
--------------------

Data analysis was performed using SPSS 19 software. All results are presented as mean ±SD (standard deviation). One-way analysis of variance (ANOVA) followed by Tukey's post hoc test was used to analyze statistical significance. Newman-Keels' multiple comparison test (q test) was applied to assess differences between 2 groups. If the data were abnormally distributed, the Kruskal-Wallis test (H test) and Nemenyi test were used. Correlation analysis depending on data distribution was analyzed by Pearson or Spearman correlation test. Statistical significance was set at *p*\<0.05.

Results
=======

Increased circulation of CD4^+^IFN-γ^+^ cells, CD4^+^IL-17^+^cells, and CD4^+^IL-22^+^ cells
--------------------------------------------------------------------------------------------

After gating of lymphocytes, we quantified CD4^+^IFN-γ^+^ cells, CD4^+^IL-17A^+^ cells, and CD4^+^IL-22^+^ cells ([Figure 1A--1C](#f1-medscimonit-24-8767){ref-type="fig"}). X and Y axes are cells of different types. The patients with ITP had a higher level of CD4^+^IFN-γ^+^ cells (5.50±0.32 *vs.* 4.40±0.16, *p*=0.0022), CD4^+^IL-17A^+^ cells (3.72±0.22 *vs.* 1.02±0.037, *p*\<0.001), and CD4^+^IL-22^+^ cells (1.02±0.066 *vs.* 0.40±0.023, *p*\<0.001) when compared with the control group ([Figure 1D](#f1-medscimonit-24-8767){ref-type="fig"}).

Enhanced circulation of Th1 (IFN-γ^+^IL-17A^−^IL-22^−^), Th17 (CD4^+^IFN-γ^−^IL-17A^+^IL-22^−^, CD4^+^IFN-γ^−^IL-17A^+^IL-22^+^), Th22 Cells (IFN-γ^−^IL-17A^−^IL-22^+^), and Th1/Th17 cells
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

After gating of CD4^+^ cells, we detected the percentages of Th1, Th1/Th17 (IFN-γ^+^IL-17A^+^IL-22^−^), Th17 (IFN-γ^−^IL-17A^+^IL-22^−^, IFN-γ^−^IL-17A^+^IL-22^+^), and Th22 (IFN-γ^−^IL-17A^−^IL-22^+^) cells ([Figure 2A--2C](#f2-medscimonit-24-8767){ref-type="fig"}). X and Y axes are cells of different cell types. The compared data of circulating cells revealed that the patients with ITP had a higher percentage of Th22 cells (IFN-γ^−^IL-17A^−^IL-22^+^) (1.28±0.12 *vs.* 0.84±0.033, *p*\<0.001), a significantly higher frequency of Th1 cells (16.59±0.80 *vs.* 7.30±0.267, *p*\<0.001), and a higher frequency of Th1/Th17 cells than HC (1.68±0.15 *vs.* 0.22±0.0074, *p*\<0.001) ([Figure 2D](#f2-medscimonit-24-8767){ref-type="fig"}).

Correlations between Th22, Th17, and Th1 cells in ITP patients
--------------------------------------------------------------

The relationship between Th22, Th17, and Th1 cells in ITP patients and healthy people were analyzed ([Figure 3A--3F](#f3-medscimonit-24-8767){ref-type="fig"}). We found a positive correlation between Th22 cells and Th17 cells (r=0.4637, *P*=0.0075; [Figure 3B](#f3-medscimonit-24-8767){ref-type="fig"}); Th22 cells and Th1 cells (r=0.4041, *p*=0.0218; [Figure 3A](#f3-medscimonit-24-8767){ref-type="fig"}) were found in ITP patients. Moreover, a positive relationship between Th1/Th22 cells and Th1 cells (r=0.7696, *p*\<0.001; [Figure 3C](#f3-medscimonit-24-8767){ref-type="fig"}) was found.

Correlations between Th22 cells, platelet counts, severity of bleeding, and frequency and duration of disease in ITP patients
-----------------------------------------------------------------------------------------------------------------------------

Due to condition restrictions, we followed up observation of the disease development process of the 18 ITP patients, and found that the incidence was higher in patients with higher levels of Th22 cells. At the onset, a higher the frequency of Th22 cells was associated with lower platelet count and worse effect of treatment was associated with a large dose of decitabine.

Discussion
==========

CD4^+^ T lymphocytes were stimulated by PMA and differentiated into distinct effector T cell subsets that secreted cytokines with immune regulatory functions. Previous reports have shown that ITP is the predominant disease associated with Th1 cells \[[@b12-medscimonit-24-8767]\]. There has been growing research interest in the imbalance of Th1/Th2 ratios in peripheral blood in immunotherapy for ITP \[[@b12-medscimonit-24-8767]\]. Th17 cells are a proinflammatory distinct lineage of CD4^+^ T lymphocyte subsets, but their mediation of pathogenesis of ITP remains controversial. Cao et al. \[[@b22-medscimonit-24-8767]\] demonstrated that Th17 was not involved in the pathogenesis of ITP. On the contrary, studies have shown that Th17 was elevated in ITP disease \[[@b23-medscimonit-24-8767]\], which is consistent with our present results. This may be related to the different stages of disease development and the diversity of populations. In our study, Th17 contributed to ITP diseases and Th1/Th17 cells also had a similar effect. Although the literature suggests that the expression of IL-17 by CD4 T cells does not require IFN-γ or the transcription factors T-bet or STAT4, all of which are essential regulators for the differentiation of Th1 \[[@b24-medscimonit-24-8767]\], our results indicate that Th17 is also elevated in patients with elevated Th1 in ITP disease, which means that Th17 showed a positive correlation with Th1 in chronic ITP patients.

The peripheral blood Th22 cells in our experiments were significantly increased. Elevated Th1/Th22 cells were correlated to Th1 and Th22 cells, might work collaboratively in the immunopathogenesis of ITP. These results are consistent with Cao et al. and Eyerich et al. \[[@b25-medscimonit-24-8767],[@b26-medscimonit-24-8767]\]. Th1 and Th22 cells may not be the only unique pathogenic cells in an intricate network of inflammatory molecules in the pathogenesis of ITP. Similar to Th17 cells and Th1 cells, Th22 cells are proinflammatory and take part in the pathogenesis of inflammatory and autoimmune diseases. Previous studies showed that Th22 plays an important role in the pathogenesis of ITP, but the mechanism of Th22 regulation in ITP is unclear \[[@b26-medscimonit-24-8767]\]. Our future research will focus on whether lowering the abnormally high levels of Th22 is helpful in the treatment of ITP patients. We conjectured that the interaction between IFN-γ and IL-22 functioned more importantly in the pathogenesis of ITP. As the proportion of cells in the blood is very small, it is difficult to conclude the mechanism involved in these cells. Blockade of the cytokine IL-22 may be a potential therapeutic option in patients with chronic ITP.

Conclusions
===========

During our research, we gated on lymphocytes previously, founding that CD4^+^IL-22^+^ was increased. For further precise research, we gated on CD4^+^ cells as well. The results demonstrated that Th22 (CD4^+^IFN-γ^−^IL-17A^−^IL-22^+^) cells were also increased. In the same way, the circulating Th1, Th17, and Th22 cells were obviously elevated in ITP patients. Moreover, the correlation between Th1/Th22 cells and Th1 cells in the ITP patients was significantly positive. We found a disequilibrium expression profile of Th22 cells in peripheral blood was associated with pathogenesis of ITP, possibly through cooperatively working with Th17 and Th1, which might provide a novel approach in the diagnosis of ITP.
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![Quantification of circulating CD4^+^IFN-γ^+^, CD4^+^IL-17A^+^, and IL-22^+^ cells in each group. (**A--C**) Representative four-color dot plot analyses of CD4^+^IFN-γ^+^, CD4^+^IL-17A^+^, and IL-22^+^ cells after stimulation with PMA and ionomycin. (**D**) Frequency of CD4^+^IFN-γ^+^, CD4^+^IL-17A^+^, and IL-22^+^ cells on the gated lymphocytes in the FSC/SSC plot in each group. Results are represented as the mean ±SD (\*\* *p*\<0.05). ANOVA followed by Tukey's post hoc test was used to analyze statistical significance.](medscimonit-24-8767-g001){#f1-medscimonit-24-8767}

![Percentages of circulating Th1 (IFN-γ^+^IL-17A^−^IL-22^−^), Th1/Th17 (IFN-γ^+^IL-17A^+^IL-22^−^), Th17 (IFN-γ^−^IL-17A^+^IL-22^−^, IFN-γ^−^IL-17A^+^IL-22^+^), and Th22 (IFN-γ^−^IL-17A^−^IL-22^+^) cells on CD4+cells of ITP and HC. (**A--C**) Representative four-color dot plot analyses of Th1, Th17, Th22, Th1/Th22, and Th1/Th17 cells. (**D**) Percentages of Th1 (IFN-γ^+^IL-17A^−^IL-22^−^), Th17 (IFN-γ^−^IL-17A^+^IL-22^−^, IFN-γ^−^IL-17A^+^IL-22^+^), and Th22 (IFN-γ^−^IL-17A^−^IL-22^+^) cells, Th1/Th22, and Th1/Th17 cells. Results are represented as the mean ±SD (\*\* *p*\<0.05). ANOVA followed by Tukey's post hoc test was used to analyze statistical significance.](medscimonit-24-8767-g002){#f2-medscimonit-24-8767}

![Correlations between Th22 cells Th17 cells, and Th1 cells in ITP patients. (**A, B**) A positive correlation was found between Th22 cells and Th1 cells (r=0.4041, *p*=0.0218) in the ITP patients but not in the controls. (**C**) A positive correlation was found between Th1/Th22and Th1 cells (r=0.7696, *p*=0.0002). (**D, E**) A positive correlation was found between the percentages of Th22 cells and the percentages of Th17 cells in the ITP patients (r=0.4637, *p*=0.0075) but not in the controls. (**F**) Th1/Th17 percentage was positively correlated with Th1 percentage (r=0.6652, *p*\<0.0001). The q test was applied to determine the difference between 2 groups. If the data were abnormally distributed, H test and Nemenyi test were used. Correlation analysis depending on data distribution was analyzed by Pearson or Spearman correlation test.](medscimonit-24-8767-g003){#f3-medscimonit-24-8767}
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